WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 7 : 

H01M 2/10, 6/46, 10/48, H01G 2/06, 
H05K 1/18, H01M 2/20 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 00/41253 

13 July 2000 (13.07.00) 



(21) International Application Number: PCT/EPOO/00133 

(22) International Filing Date: 7 January 2000 (07.01.00) 



(30) Priority Data: 

9900396.4 



8 January 1999(08.01.99) 



GB 



(71) Applicant (for all designated States except US): DANIONICS 

A/S [DK/DK]; Hestehaven 21 J, DK-5260 Odense (DK). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): NORTOFT, Uffe 
[DK/DK]; Vindebyorevej 38, DK-5700 Svendborg (DK). 
JORGENSEN, Michael, Thorby [DK/DK]; Tjonievej 1, 
DK-5220 Odense SO (DK). NISSEN, Ole, Stig [DK/DK]; 
Vinkaeldervej 27, DK-5000 Odense C (DK). 

(74) Agent: CHARLTON, Peter, John; Elkington and Fife, Prospect 
House, 8 Pembroke Road, Sevenoaks, Kent TNI 3 1XR 
(GB). 



(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG, 
BR, BY, CA, CH, CN, CR, CU, CZ, DE, DK, DM, EE, 
ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, 
KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, 
MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU, 
SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, UA, UG, 
US, UZ, VN, YU, ZA, ZW, ARIPO patent (GH, GM, KE, 
LS, MW, SD, SL, SZ, TZ, UG, ZW), Eurasian patent (AM, 
AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, 
BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, 
MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GW, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: ARRANGEMENT OF ELECTROCHEMICAL CELLS AND CIRCUIT BOARD 




(57) Abstract 

The application describes a cell unit which includes at least two flat electrochemical cells (1\ 1", 1'") and a circuit board (5), the 
cells being folded onto one or both sides of the circuit board whereby the circuitry on the circuit board is protected. Preferably, the cells 
and the circuit board have the same lengths and widths. The cells may be provided on two or more edges of the circuit board and optionally 
two cells are connected at the same edges on the board. A means of connecting electrochemical cells to a circuit board is also described 
wherein protruding parts (14) of the cell, at the terminal end, are bonded to the circuit board 



iSDOCID: <WO 0041253A1J-' 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL Albania 

AM Armenia 

AT Austria 

AU Australia 

AZ Azerbaijan 

BA Bosnia and Herzegovina 

BB Barbados 

BE Belgium 

BF Burkina Faso 

BG Bulgaria 

BJ Benin 

BR Brazil 

BY Belarus 

CA Canada 

CF Central African Republic 

CG Congo 

CH Switzerland 

CI Cdte d'lvoire 

CM Cameroon 

CN China 

CU Cuba 

CZ Czech Republic 

DE Germany 

DK Denmark 

EE Estonia 



ES 


Spain 


LS 


Lesotho 


SI 


FI 


Finland 


LT 


Lithuania 


SK 


FR 


France 


LU 


Luxembourg 


SN 


GA 


Gabon 


LV 


Latvia 


sz 


GB 


United Kingdom 


MC 


Monaco 


TD 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


GH 


Ghana 


MG 


Madagascar 


TJ 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


GR 


Greece 




Republic of Macedonia 


TR 


HU 


Hungary 


ML 


Mali 


TT 


IE 


Ireland 


MN 


Mongolia 


UA 


IL 


Israel 


MR 


Mauritania 


UG 


IS 


Iceland 


MW 


Malawi 


US 


IT 


Italy 


MX 


Mexico 


uz 


JP 


Japan 


NE 


Niger 


VN 


KE 


Kenya 


NL 


Netherlands 


YU 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


KP 


Democratic People's 


NZ 


New Zealand 






Republic of Korea 


PL 


Poland 




KR 


Republic of Korea 


PT 


Portugal 




KZ 


Kazakstan 


RO 


Romania 




LC 


Saint Lucia 


RU 


Russian Federation 




LI 


icchtcos tcin 


SD 


Sudan 




LK 


Sri Lanka 


SE 


Sweden 




LR 


Liberia 


SG 


Singapore 





Slovenia 

Slovakia 

Senegal 

Swaziland 

Chad 

Togo 

Tajikistan 

Turkmenistan 

Turkey 

Trinidad and Tobago 

Ukraine 

Uganda 

United States of America 

Uzbekistan 

Viet Nam 

Yugoslavia 

Zimbabwe 



>OCID: <WO 0041253A1J_> 



WO 00/41253 



PCT/EP00/00133 



ARRANGEMENT OF ELECTROCHEMICAL CELLS AND CIRCUIT BOARD 

The present invention relates to an arrangement of 
electrochemical cells, in particular an arrangement of 
batteries or capacitors which are connected in series or in 
parallel and which include additional electrical circuit 
elements or additional electrical circuitry. 

In recent years there have been large advances in the 
design and production of batteries. In particular, 
lithium- ion batteries provide many advantages over 
conventional nickel cadmium batteries. Lithium- ion 

batteries can be formed by flattened "jelly-rolls" of 
interleaved electrodes and electrolyte, the thus formed 
electrical cell being packaged in a flexible pack formed, 
for example, from thin laminated foil material. The 
ability to seal the cells within flexible housings, rather 
than the traditional rigid cans, is based on the fact that 
the lithium- ion batteries use a gelled or solid polymer 
electrolyte. The problems relating to leakage, which are 
known in connection with conventional batteries, do thus 
not arise. 

The widths and lengths of polymer, lithium- ion cells 
can be freely selected, as can the thickness of the cells. 
This flexibility of design, and the flexibility of the 
finished cell, makes polymer lithium- ion cells particularly 
suitable for use in portable telephones and computers, as 
well as in other electronic devices where space is at an 
absolute premium. It will be well understood that a 
compromise must often be reached between the energy to be 
delivered by a battery and the space available for the 
battery. 

Examples of lithium- ion cells construction and the use 
of flexible packages for such cells are described in more 
detail in, for example, WO-A-97/03475 (Danionics) , EP-A- 
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0845821 (Sanyo) , US 5609974 (Battery Engineering) , US 
4997732 (MHB) , US 5478668 (Bell) , WO-A-95/13629 (Valence) , 
US 5591540 (Motorola) , US 5716421 (Motorola) and US 5445856 
(Gill) . 



The operational voltage of lithium-ion batteries is 
typically 3 to 4 volts. On the other hand, the voltage 
demand of many electronic devices is 8 to 9 volts, or some 
other multiple of the individual cell voltage. Thus, it is 
commonplace for lithium-ion cells to be arranged one 
adjacent the other, and connected in series. 
Alternatively, the cells can be placed one on top of the 
other, and again connected in series. in different 
situations, it is possible that a higher capacity is 
required, for the same voltage, in which case a number of 
cells could be connected in parallel. 

When a. number of cells are connected in series, it is 
generally necessary to provide some voltage equalizing 
components across each cell, to avoid the problem of the 
charging voltage being applied unequally between the 
individual cells, which would result in an unequal load on 
the individual cells so reducing the performance and 
lifetime of the cell. The voltage equalizing components 
are typically resistors. However, it is also commonplace 
for other electrical components to be connected to the 
cells, e.g. capacitors, integrated circuits for charge 
control, state of charge indicators, memory elements, 
disconnect switches and other associated control circuits. 
Usually, such additional circuit elements and circuitry are 
arranged at the end of the stack or row of individual 
cells, adjacent the terminals. The additional circuit 
elements and circuitry obviously need some protection and 
this is usually done by providing a hard box for the 
arrangement of cells and circuit elements, contacts being 
provided on the external surface of the hard box. 
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However, while in such arrangements a saving of space 
is achieved relative to traditional cells, there is an ever 
present demand for further space saving so that the maximum 
energy density can be achieved, particularly for cells to 
5 be used in mobile phones etc. 

It should be emphasized that the present application, 
and the issues discussed above, apply equally to 
electrochemical capacitors as to batteries. The design of 

) such electrochemical capacitors is similar to that of 

lithium-ion cells. An example of such a capacitor - 
sometimes known as a "super capacitor" - is described in 
more detail in US Patent 5646815 (Medtronic) or in EP-A- 
0625787 (Matsushita) . Generally speaking, electrochemical 

> capacitors, either based on the double layer principle or 

on the pseudo-capacitance principle, differ from batteries 
in providing high discharge rates over a short length of 
time, whereas batteries are better suited to providing a 
power output over a longer period of time. Electrochemical 

) capacitors also tend to be able to be recharged many more 

times than batteries. In some situations, the capacitors 
can replace batteries and in other situations they can be 
used together with batteries, for example as load levelling 
devices . 

The capacitors can also be used as memory back-up 
elements in electronic devices, and in mobile transmitting 
equipment, for example in connection with mobile telephones 
where there is a demand for high current rate pulses . In 
I this context, therefore, a combination of capacitors and 

high density battery cells is often required. 

The operational voltage of a double layer 
supercapacitor is typically 2 to 3 volts. For the same 
» reasons as discussed above in relation to battery cells, it 

is frequently necessary to connect a number of 
electrochemical capacitors together, in series or in 
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parallel. As indicated above, it is also often necessary 
to connect a combination of battery cells and 
electrochemical capacitors together. Again, these groups 
of cells will tend to include electrical components and 
electronic circuits, which typically would be housed 
altogether in a hard box, thus providing protection for the 
circuitry. 

Electrochemical cells, either batteries or capacitors, 
are often produced as relatively thin square or rectangular 
cells, as described in the above-mentioned US patent 
5445856. In the present application these cells are called 
"flat cells" and this term is intended to cover cells whose 
thickness is substantially less than the width and/or 
length of the cells. Because of the production method of 
the cells - often by winding strips of electrodes and 
electrolyte - the cells will be square or rectangular in 
shape. The term "flat cells" will thus normally be 
understood to mean relatively thin square or rectangular 
cells, though the invention is not limited to a square or 
rectangular shape. 

In US 5637418, an electrochemical cell stack is 
described in combination with a flexible circuit board. In 
the patent, the circuit board is folded around the 
electrochemical cell stack. 

US-A-5367431 describes a thin power supply unit with 
flat power supply elements bonded onto a flexible circuit 
board. In one embodiment, power supply elements are 
arranged on both sides of the circuit board. Electrical 
connections between the elements and the circuit board are 
established by means of openings in the cases of the 
elements . 

It is an object of the invention to provide an 
arrangement of electrochemical cells and associated 
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electrical components and/or electronic circuitry in which 
the said components/circuitry can be protected and wherein 
a relatively high saving of space can be achieved. 

According to the invention there is provided a cell 
unit including at least two flat electrochemical cells 
which are connected with additional electrical components 
and are connected together, the cells being folded such 
that the external terminals of the cell unit are exposed 
but that the additional elements are positioned between the 
cells. The components may be positioned between the faces 
of the cells, when folded together, or between the edges of 
the cells. 

In another aspect of the invention, there is provided 
a cell unit which includes at least two flat 
electrochemical cells and a circuit board, the cells being 
folded onto one or both sides of the circuit board whereby 
the circuitry on the circuit board is protected. If the 
circuitry is provided on only one side of the circuit board 
then the cells can be folded only onto that one side. If 
circuitry is provided on both sides of the circuit board 
then preferably the cells are folded onto both sides of the 
board . 

Preferably, the cells and the circuit board are square 
or rectangular. Cells can be provided on two or more sides 
of the circuit board and two cells can be connected at each 
side of the board. 

It will be understood that the flat cells which are 
housed in relatively soft flexible packaging provide a high 
degree of protection to the circuit elements or circuitry, 
particularly bearing in mind that the relative flexibility 
of the cells means that any shocks transferred to the cell 
unit are at least partly absorbed and are not fully 
transferred to the circuit elements or circuitry on the 
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circuit board. 

Preferred embodiments of the present invention are 
described in more detail below, by example only, and with 
1 reference to the accompanying drawings wherein: 

Fig. la illustrates at an arrangement of 
electrochemical cells according to a first embodiment of 
the invent ion . 

> Fig. lb is a schematic perspective view of the 

arrangement of Fig. la, in a folded condition. 

Fig. 2a shows an arrangement of electrochemical cells 
according to a second embodiment of the present invention. 

Fig. 2b is a schematic perspective and partly 
sectional view of the arrangement of Fig. 2a, in a folded 
condition. 

Fig. 3a shows an arrangement of electrochemical cells 
according to a third embodiment of the present invention. 

Fig. 3b is a schematic perspective and partly 
1 sectional view of the arrangement of Fig. 3a, in a folded 

condition. 

Fig. 4a is an exploded view of an arrangement of 
electrochemical cells according to a fourth embodiment of 
the invent ion . 

Figs. 4b, 4c and 4d are detail views illustrating the 
connections of the arrangement of the cells of Fig. 4a. 

Fig. 4e is a schematic perspective and partly 
sectional view of the arrangement of Fig. 4a, in a folded 
condition. 

Fig. 5a illustrates at an arrangement of 
electrochemical cells according to a fifth embodiment of 
the invention. 

Fig. 5b is an exploded view of an arrangement of 
electrochemical cells according to the fifth embodiment of 
the invention . 

Fig, 5c is a detail view illustrating the connections 
of the arrangement of the cells of Fig. 5a. 
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Fig. 5d is a schematic perspective and partly- 
sectional view of the arrangement of Fig. 5a , in a folded 
condition. 

Fig. 6a is a schematic perspective view of a sixth 
embodiment of the invention. 

Fig. 6b is a perspective view of the arrangement of 
Fig. 6a, in a folded condition. 

Figs. 6c and 6d are enlarged details of the 
perspective view of Fig. 6b. 

Fig. 1 shows a pair of flat electrochemical cells 1, 
1' connected in series. The cells, which may be lithium- 
ion batteries or capacitors, are flat cells housed in 
flexible packages. The exact design structure of the cells 
is not relevant to the present application, but they may be 
as described in US patent number 5445856, i.e. flat wound 
cells housed in a thin foil laminate package. 

The cells 1, 1' are identical, but cell 1' is the 
other way up to cell 1 so that when the two cells are 
placed next to each other with the symmetrically arranged 
terminals in contact, the positive terminal 2 of cell 1 
will be in contact with the negative terminal 2' of cell 
1' . In other words, the cells are connected in series. 
The other terminals 3, 3' of the cells provide the external 
connection points for the cell pair. 

Connected across the terminals of each cell are 
electrical components 4, 4'. The components 4, 4' are, for 
example, resistors to provide for voltage equalizing 
between the cells, in a known and conventional manner. The 
electrical components 4, 4' can be flat or cylindrical, 
with a minimum thickness, and lie on the surface of the 
cells 1, 1' . For example, the electrical components may be 
formed of standard resistors, e.g. metal film resistors. 

When the cells 1, 1' are folded together, the 
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electrical components 4, 4' are arranged between the cells, 
preferably offset relative to one another. Thus, the 
components do not protrude from the cell pair and are 
protected between the cells. It will be understood that 
the thickness of the components between the cells is small 
(for example 0.5-2mm) and so the overall thickness of the 
cell pair will not be increased to any significant extent. 

The terminals 2, 2' are folded against the side of the 
cells 1, l' when the cell pair is folded. Thus, the only 
parts protruding from the cell pair are the external 
terminals 3, 3'. The fact that the electrical components 
do not protrude from the cell pair, and are arranged within 
the envelope of the cell perimeters, means that a real 
saving in space has been achieved. Furthermore, the fact 
that the electrical components are protected between the 
cells means that the cell pair does not automatically 
require a hard box for the protection of the electrical 
components. This possibility of avoiding the use of a hard 
box again provides for a real potential space saving. 

A variation on the above concept is shown 
schematically in Fig. lb. Instead of the components being 
located between the faces of the cells, in Fig. lb the 
components are located at the end of the cells, between the 
terminals . Flat cells of the type described here do not 
have "square" ends but rather the terminal ends where the 
packaging material is sealed are tapered or rounded, 
creating a recess between adjacent folded cells into which 
the electrical components can be positioned. Again, the 
components do not protrude from the cell perimeter and are 
at least partly protected by the packaging material of the 
cells. Furthermore, the space taken up by the cell pair is 
not increased to any significant degree. 

It will be appreciated by those skilled in the art 
that the connection of the cell terminals and the 
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electrical components can be easily achieved in an 
automatic or semi-automatic manufacturing line, by welding 
or soldering. The terminals are of thin flexible metal 
foil, as can be the connections for the electrical 
5 components themselves. 

The embodiment of Fig. 2a is similar to the embodiment 
of Fig. la in that there is a pair of electrochemical cells 
1, 1' . However, in this embodiment, there is also provided 

0 a circuit board 5 between the cells. The circuit board has 

six terminals, two terminals 2, 3 facing cell 1, two 
terminals 2', 3' facing cell i' and two terminals 6, 6' 
along a third side for the external connection of the cell 
arrangement. The circuit board 5 includes the resistors 4, 

5 4' in a conventional fashion. 

The circuit board is fabricated in a known manner. 
For example, the circuit board can be a flexible circuit 
board, e.g. a so-called "flex print circuit board", where 
0 the circuit is printed onto a flexible isolating substrate, 

and then preferably coated by a similar substrate. 
Specifically, the circuit board could be formed by etching 
a copper- clad flexible board having a conductor of copper 
and a base film of polyamide. 

4 

5 

The electrical connection tabs on the circuit board 
are arranged on the edge of the board, so that they 
correspond in position to the tabs of the electrochemical 
cells and can easily be connected thereto, without risk of 
0 damage to the sensitive battery or circuit components. 

As will be apparent from Fig. 2a, the circuit board is 
of the same shape as the cells 1, 1' . The circuit board 
will also be formed with a minimum thickness. The fact 
5 that the resistors 4, 4' are integrated with the circuit 

board makes the welding or soldering of the cells 1, 1' 
easier. The arrangement of three adjacent and similarly 
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shaped parts (1, i' and 5) makes an automated connecting 
process relative easy to apply. Thus, the terminals of 
cells 1, 1' are connected to the circuit board 5 in a 
corresponding manner to that described in relation to Fig. 
la. 

An advantage of the embodiment of Fig. 2a is that 
after welding/soldering, the terminals of the cells are 
fixed relative to each other, so that handling of the cell 
unit is easy with a low risk of damage to the connection 
points, for example through twisting. Moreover, the 
embodiment of Fig. 2a has the advantage that the terminals 
for the external connection can be freely placed, anywhere 
on the circuit board 5. This freedom of design of the 
external connection points means that the cell unit can be 
designed to fit with the electrical device in which it is 
to be used, rather than the intended electrical device 
being designed around the cell . 

As shown in Fig. 2b, the cells 1, 1' can be folded 
relative to the circuit board 5, so that the circuit board 
5 is sandwiched in between the cells. In this way, the 
circuitry on the circuit board is completely protected 
between the cells. In an alternative arrangement, not 
illustrated, both cells ' could be folded on top of the 
circuit board; again, the circuitry of the board would be 
protected, though the board itself would have to have a 
degree of rigidity because its rear surface would be 
exposed. 

Needless to say, the length of metal foil connections 
between the cells and the circuit board is selected so as 
to permit the folding of the cells in their chosen 
position. 

The components on the circuit board 5 are generally 
conventional. For example, they may be so-called thick 
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film chip resistors, having a thickness of approximately 
0.5mm. The board could include any electrical circuit, for 
example a charging circuit, or any components relevant in 
connection with battery and capacitor technology. 

5 

A specific example of a suitable component is a 
temperature sensitive element. It is known to monitor the 
temperature of electrochemical cells with such elements, in 
order to ensure that over-heating does not occur and/or to 
10 ensure that the charging or re-charging of the cell is 

regulated appropriately. If over-heating does occur, a 
switch on the charger can be tripped. 

A typical temperature sensor is a resistor with a 
15 positive temperature coefficient, a so-called "PTC 

element". The location of such a temperature sensor on the 
circuit board has the advantage that the sensor is 
immediately adjacent the cell so that a good thermal 
contact is achieved. Where the cells are folded on both 
20 sides of the board, a very efficient temperature monitoring 

is achieved as one sensor can monitor both cells. 
Furthermore, no additional wiring of the sensor to the 
circuit board is necessary. 

25 The size and shape of the circuit board can be freely 

selected, in accordance with the size and shape of the 
cells. For example, the circuit board could if desired be 
twice as long as each cell, so that each cell folded on to 
half of the circuit board. Again, the circuitry on the 

30 board would be protected by the folded cells. 

A thin and flexible circuit base or board could also 
be formed of metal - in particular copper - foils separated 
and supported by insulating tape or thin plastic foils. On 
35 this base the electrical components can be fixed and 

connected. 
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The embodiment of Fig. 3a is similar to the embodiment 
of Fig. 2a, in that a circuit board 5 is included. 
However, in this embodiment there is an additional cell 
1' ' , so that a cell is provided on each of three sides of 
the circuit board, the three cells being in series. As in 
the embodiment of Fig. 2a, the circuit board includes 
appropriate electrical components or circuitry, for example 
resistors, and the cells are welded or soldered to the 
circuit board by means of flat, bendable terminals. The 
external terminals 6,6' of the cell unit are provided on 
the fourth side of the circuit board. 

In an arrangement where there are three cells on three 
sides of the circuit board, obviously a square shape of the 
circuit board is most convenient. The cells are folded so 
that preferably two are on top of the circuit board and the 
third cell folded beneath the board. The circuit board is 
thus concealed and protected between the cells. This is 
schematically illustrated in Fig. 3b. 

It can be mentioned here that an embodiment with three 
cells will find many practical applications, given that the 
voltage of each cell will typically be approximately 2 to 
3 volts for capacitor cells and 3 to 4 volts for lithium- 
ion battery cells and the voltage demand of many electrical 
devices is approximately 6 to 9 volts. 

It should also be mentioned that a fourth cell could 
be provided at the fourth edge of the circuit board 5. The 
external terminals can still be arranged on that edge, as 
these will be accessible when the fourth cell is folded 
onto the board. Alternatively, the external terminals 
could be formed as wires, leading out from a corner of the 
cell unit. In another possibility, all of the cells - two, 
three or four cells - could be folded onto either the top 
or bottom of the circuit board and the terminals could be 
provided on the other surface of the board. 
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It should be emphasized that the connections 
illustrated in the Figs. 2 and 3 are not limiting. Another 
possibility for connecting more cells is to place cells 
with terminals on top of each other, connect the flexible 
terminals and then fold the cells against the board. 

In the embodiments of Figs. 2 and 3, the circuit board 
is one-sided. Providing a two-sided circuit board, as 
illustrated in relation to the embodiment of Fig. 4a, 
provides even greater design flexibility. In particular, 
as illustrated in Figs. 4a to 4e, four cells can be 
connected to the circuit boards, two cells on each of two 
opposing edges, leaving the external terminals 6, 6' to be 
provided along one of the other edges of the circuit board. 

The exploded view of Fig. 4a shows unconnected cells 
1, 1' with the terminals arranged to one side. The cells 
1, 1' are different ways up so that the terminals of cell 
1 are provided to one side and the terminals of cell 1' are 
provided to the other side. The cells 1, 1' can thus be 
placed one on top of each other, to the right side of the 
circuit board 5, with their terminals not overlapping but 
instead connecting to the appropriate circuit paths on the 
board as illustrated. 

On the left hand side of Fig. 4a, a pair of cells 1' ' , 
1' ' ' is shown, connected to the board, the lower terminals 
7, 8 being of the upper cell 1' ' and the upper terminals 9, 
10 being of the cell 1' ' ' beneath. 

Fig. 4b shows in more detail the circuit board of Fig. 
4a. The resistors 4 provided between the terminal 
connections for each cell are shown. In an alternative 
embodiment, the resistors could be temperature sensing 
elements as described above. It will be well understood 
that the four cells are connected in series, with the 
negative terminal of cell 1' being connected to the 
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positive terminal of cell 1", the negative terminal of 
cell 1'' being connected to the positive terminal of cell 
1"' etc. 

In Fig. 4c are shown the circuit paths on the circuit 
board 5 for the external connection of the series of cells, 
together with the connection of cell 1' to cell 1''. Fig. 
4d shows the connection of cell 1 to cell 1' as well as the 
connection of cell 1" to cell 1"'. The dashed 
rectangular panel in Figs. 4b, 4c and 4d represents an 
insulating sheet 11 to separate the circuitry of Fig. 4c 
from the circuitry of Fig. 4d. 

The completed cell package is formed by folding the 
two cells on one side of the circuit board 5 on top of that 
board and folding the two cells on the opposite side below 
the circuit board. This arrangement is illustrated 
schematically in Fig. 4e. Alternatively, a cell from each 
side would be folded on top and beneath the board. 

An additional advantageous feature is illustrated in 
Fig. 4e. The sealed edges 11 or "fins" of the flat cells 
are folded onto that surface of the cells which, when the 
cells are folded onto the circuit board, will be abutting 
the board. In this way, the foot -print of the cell package 
is reduced, in that the edges are folded inwards, and 
furthermore the folded in edges provide a slight spacing of 
the cells from the board. This spacing provides a 
convenient accommodation of the components on the board and 
of the connecting tabs, and also a greater degree of 
protection to these components and tabs, as the pressure 
thereon is reduced. 

In the embodiment of Fig. 4a, it will be appreciated 
that each of the cells is of the same design. In contrast, 
in the embodiment of Fig. 5a, the cell of each pair on each 
opposing side of the circuit board 5 is different from the 
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other cell of the pair, as will be appreciated from a 
consideration of the exploded view of Fig. 5b. The 
terminals of the cell 1' shown in Fig. 5b are reversed as 
compared to the terminals of the cell 1. This reversal of 
5 the positive and negative terminals of one of the cells 

provides for simpler series interconnection of the cells , 
as shown in particular in Fig. 5c, which illustrates the 
circuit board 5 of Fig. 5a. Thus, the crossing of the 
connections which occurs in relation to the circuit board 
L0 of Fig. 4 is avoided, since the negative and positive 

terminals of the cell pairs 1 and 1', and 1'' and l' 7 ' are 
adjacent. This simpler interconnection of the cells 
provides the immediate advantage that a one-sided circuit 
board can be used. 

15 

Fig. 5c also shows the resistors 4 between the 
terminals of each cell* In an alternative embodiment, the 
resistors could be temperature sensing elements as 
described above. 

>0 

As in the embodiment of Fig. 4, the cells can be 
folded on either side of the circuit board, preferably two 
on top and two below as shown in Fig. 5d. 

!5 The sixth embodiment of the invention which is 

illustrated in Figs. 6a, 6b, 6c and 6d has some 
similarities with the embodiment of Fig. 3 in that there 
are three electrochemical cells which are folded relative 
to the circuit board. However, whereas in the embodiment 

JO of Fig. 3 the three cells are arranged on three sides of a 

substantially square circuit board, in the embodiment of 
Fig. 6 the circuit board is rectangular. The width of the 
rectangular circuit board is approximately the length of 
one of the electrochemical cells and the length of the 

J5 circuit board is approximately twice the width of the 

electrochemical cells (which may be either square or 
rectangular) . 
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A rectangular circuit board as illustrated in Fig. 6a 
could have, instead of three or fewer cells, four or more 
electrochemical cells connected thereto, with sets of cells 
folded next to each other so that the resulting arrangement 
remains rectangular, matching the shape of the circuit 
board. However, the embodiment of Fig. 6 is a further 
modification of a basic rectangular circuit board because 
the circuit board is itself intended fold in half. 

The circuit board is indicated in Fig. 6 by the 
reference numeral 5. There are three cells 1', l'' and 
1'''. The circuit board includes components 4, 4', for 
example temperature sensing elements. Terminals 6, 6' are 
for external connection of the sealed arrangement, after 
folding. The terminals 2, 2' of cell 1' are seen connected 
to the circuit board, in a conventional fashion, and it 
will be understood that the terminals of the other cells 
are connected in the same way. 

As discussed above, the circuit can include 
temperature sensing elements in the form of resistors with 
positive or negative temperature coefficients, i.e. PTC or 
NTC elements* Alternatively, the board can include other 
components, in particular for control and safety purposes 
in relation to the charge and discharge of the cell 
arrangement . 

Each electrochemical cell is of the same size and is 
formed in the same way, with a wound cell precursor sealed 
within a flexible package. In this embodiment, the sheet 
material forming the flexible package is folded around the 
wound cell precursor so as to form a seal 11 at the bottom 
end, a seal 12 along one flat side of the cell and a seal 
13 at the top end, where the cell terminals 2, 2' or tabs 
emerge.. The seals are closed in a conventional fashion, 
using heat sealing. Each cell package is thus similar to 
that described and illustrated in the af ormentioned EP-A- 
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0845821 (see Fig. 17 in particular) . 

As discussed above in relation to Fig. 4e, the end 
seal 11 can be folded back on top of the sealed package in 
such a direction that, when the cell 1' is folded under the 
circuit board 5, the folded sealed edge 11 creates a slight 
spacing from the circuit board 5 . This folded edge is seen 
most clearly in Fig. 6a in relation to cell 1' . 
Furthermore, the longitudinal seal 12, on the flat side of 
the cell 1' , also creates a slight spacing from the circuit 
board 5 . 

At the terminal end of each cell, it is very 
advantageous if the material of the cell package extends 
beyond the seal 13 enclosing the cell terminals and is then 
cut along each side to provide two flaps 14 . When the cell 
terminals 2, 2' are connected to the circuit board 5, one 
flap 14 will be above the circuit board 5 and the other 
will be below. By mechanically connecting these flaps 14 
to the circuit board, a strong connection between the cell 
and the circuit board is achieved, so that any loads or 
bending stresses caused by folding of the cells will be 
taken by the sealing material, rather than by the cell 
terminals. This greatly reduces the possibility of the 
electrical connections between the cells and the circuit 
board being damaged in the folding operation. The flaps 
can, for example, be connected to the circuit board by 
gluing or taping. 

In a less preferred variation of this, the flaps 14 do 
not need to be fixed to the circuit board but merely cover 
the cell terminals. The flaps still provide a measure of 
protection to the electrical connection between the cells 
and the circuit board and in particular still protect the 
terminals from possible short circuits. 

It will be understood that in the process of welding 
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the terminals of the cells to the circuit board, the flaps 
can easily be folded back, out of the way of the welding 
operation, and then folded onto the circuit board, when the 
welding operation is completed. 

A most preferred method for joining the flaps 14 of 
the electrochemical cells to the circuit board involves the 
use of a circuit board with one or more apertures or 
perforations. One such aperture is illustrated in Fig. 6a 
and indicated by reference numeral 15. The aperture or 
apertures is or are arranged at each side of the circuit 
board where the cell is to be connected and is/are 
positioned such that it/they will be covered by the flaps 

14 at the terminal end of the cell package. The aperture 

15 shown in Fig. 6a is elongate, in particular rectangular. 
However, a row of smaller apertures or perforations would 
work equally well. The material from which the cell 
packages are made is typically a flexible sealing laminate 
which comprises an inner sealing layer which allows the 
laminate material to be glued or sealed onto itself, in 
particular by heat sealing. The flaps 14 will of course be 
made of the same material and can contact each other 
through the aperture (s) 15 of the circuit board 5. 
Accordingly, after the cell terminals are joined to the 
circuit board, the flaps of the cells can very easily be 
joined to the circuit board by sealing the material of the 
flaps together, through the aperture (s). This joining of 
the two flaps can be achieved by gluing or heat sealing. 
This creates a strong and stable connection between each 
cell and the circuit board and ensures that any loads or 
forces created by the folding operation are largely taken 
by the material of the cell package, rather than the 
terminals . 

The preferred means of joining the flaps of the cell 
packages together, through the apertures or perforations of 
the circuit board, is by means of heat sealing which is an 
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operation very suitable for automatic production. 

The fixing of the cells to the circuit board in this 
way creates a reliable connection which ensures that the 
cell package keeps its desired shape , especially during the 
folding operation (to be described below) . In addition to 
providing a physical protection to the cell terminals, the 
flaps of sealing material also protect against electrical 
short circuits . 

As already mentioned, the circuit board is designed so 
that it can fold in half. The fold line is indicated by 
the letter X in Fig. 6a. Reference numerals Y and Z 
indicate the fold lines between the edges of the circuit 
board and the cells. It will be understood that the cells 
and circuit board can be folded together in a variety of 
different orders. One preferred order is indicated by the 
numbered arrows in Fig. 6a, so that in the first step the 
cell 1'' is folded about line Z underneath the circuit 
board, in the next step the cell 1' is folded about line Y 
on top of the circuit board, in the third step the cell 
1' ' ' is folded about line Z on top of the circuit board and 
in the fourth step the circuit board is folded about line 
X. 

The resulting folded arrangement is such that cell 1' ' 
is on the bottom and cells 1' and 1' ' ' are between the two 
folded halfs of the circuit board. It will be noted in 
particular that the circuit board terminals 6, 6' will be 
positioned next to each other, as a result of the folding 
operation. Also, the temperature sensing elements 4, 4' 
will be arranged between and/or on top of the folded cells. 

In an alternative folding operation, in the third step 
the cell 1' ' ' can instead be folded underneath the circuit 
board (before the circuit board is folded) . With this 
arrangement, after the circuit board is folded, the cell 
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1" ' is on top of the folded of the folded cell arrangement 
and the cell 1" is at the bottom. 

This particular arrangement is illustrated in the 
partly cut away sectional view of Fig. 6b. This view, 
together with the enlarged detailed views of Figs. 6c and 
6d, show in particular the positioning of the heat sensing 
elements 4, 4' and the circuit board terminals 6, 6'. 
Furthermore, in Fig. 6c the folding of the ends seals 11 of 
the cell packages, are clearly illustrated, these folded 
ends seals 11 providing a slight spacing for the circuitry 
of the circuit board 5 . 

It should be noted that the connection of a cell to a 
circuit board, using the flaps of sealing material at the 
terminal end of the cell, with or without apertures or 
perforations in the circuit board, is a novel approach in 
cell technology. The circuit connection method is 
considered herein as a separate aspect of the invention and 
is claimed accordingly. This connection method is relevant 
for both multiple cell connections to a circuit board and 
also the connection of a single cell to a circuit board. 

While Figs. 4b, 5c and 6a show examples of 
interconnecting circuitry on the circuit board 5, other 
connection schemes are possible and additional components 
can easily be including in the printed circuit board using 
conventional technology. The purpose of the figures is to 
illustrate the concept behind the present invention, not to 
illustrate details of circuit board design technology. it 
should also be emphasized that all of the cells need not be 
of the same size. Furthermore, combinations of serial and 
parallel connections can be provided on the circuit boards. 
As previously mentioned, combinations of batteries and 
capacitor cells can be used. 

The size of the circuit board is obviously largely 



>OCID: <WO 0041253A1 I > 



WO 00/41253 



PCT/EP00/00133 



21 

dictated by the size of the cells, which are typically from 
12 to 25mm wide and 17 to 50mm long. The cell thickness is 
for example between 1 and 5mm and the circuit board 
thickness may also be in this range, though obviously a 
5 minimum thickness is desirable, e.g. 0.5 to 2mm. 

The advantages of the invention will be apparent from 
the above description. However, the invention is not 
limited to the details of the above examples of the 
10 invention. 
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CLAIMS 

1. A cell unit which includes at least two flat 
electrochemical cells and a circuit board, the cells being 
folded onto one or both sides of the circuit board whereby 
the circuitry on the circuit board is protected. 

2. A cell unit according to claim 1, wherein the cells 
and the circuit board have the same lengths and widths. 

3. A cell unit according to claim 1 or 2, wherein 
circuitry is provided on only one side of the circuit board 
and the cells are folded onto that one side or onto both 
sides . 

4. A cell unit according to claim 1 or 2, wherein 
circuitry is provided on both sides of the circuit board 
and the cells are folded onto both sides of the board. 

5. A cell unit according to any preceding claim, wherein 
the cells and the circuit board are square or rectangular. 

6 . A cell unit according to any preceding claim, wherein 
cells are provided on two or more edges of the circuit 
board and optionally two cells are connected at the same 
edges of the board. 

7. A cell unit according to any preceding claim, wherein 
the circuit board includes voltage equalising components, 
and/or temperature sensing components and/or charge control 
circuitry. 

8. A cell unit according to any preceding claim, wherein 
each cell is sealed within sealing material, the material 
protruding at the end of the cell which is connected to the 
circuit board such that sealing material is arranged both 
on top of and below the circuit board to protect the 
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electrical connections between the cell and the circuit 
board . 

9. A cell unit according to claim 8, wherein the 
protruding sealing material is fixed to the circuit board. 

10. A cell unit according to claim 9, wherein the sealing 
material is fixed through one or more apertures in the 
circuit board. 

11. A cell unit according to any preceding claim, wherein 
the cells are sealed within a sealing material and any 
sealing material protruding at an edge of the cell, other 
than that edge which is to be connected to the circuit 
board, is folded over onto the surface of the sealed cell, 
such folded sealed edges then forming a spacer when the 
cell is folded onto the circuit board. 

12. A cell unit according to any preceding claim, wherein 
the circuit board is a flexible circuit board. 

13. A cell unit according to any preceding claim, wherein 
the circuit board can itself fold, and in particular the 
flexible circuit board has a rectangular shape and can be 
folded in half. 

14 . A cell unit which includes one or more than one flat 
electrochemical cell and a circuit board, the or each cell 
having terminals which are connected at one edge of the 
circuit board, and the or each cell being sealed within 
sealing material which protrudes at the terminal end of the 
cell, the protruding sealing material enclosing the edge of 
the circuit board, and wherein the protruding sealing 
material is fixed or bonded to the circuit board. 

15. A cell unit according to claim 14, wherein the 
protruding sealing material is bonded to itself through one 
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or more perf oration/s or apertures in the circuit board. 

16. A cell unit according to claim 14 or 15, wherein the 
protruding sealing material is bonded to the edge of the 
circuit board by gluing, taping or heat sealing. 

17. A cell unit according to any of claims 14 to 16, 
wherein the circuit board and/or the or each cell is square 
or rectangular in shape. 

18. A cell unit according to any of claims 14 to 17 , 
wherein the or each cell is foldable onto the circuit 
board . 

19. A cell unit according to any of claims 14 to 18 
wherein the circuit board is foldable. 
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